Nitrazepam (1,2 dihydro-7-nitro-2-oxo-5-phenyl-3H-1,4-benzodiazepine) is one of the recently introduced sleep-inducing drugs and it can be purchased without prescription. Cases of overdosage have been reported from the continent of Europe (Rieder, 1965) , and such cases have also been seen at the Poisoning Treatment Centre at Edinburgh Royal Infirmary.
Rieder (1965) has described a method for the determination of nitrazepam in blood serum, and is based on the technique of Bratton and Marshall (1939) . It appears that nitrazepam circulates and is excreted (1) unchanged, (2) in a reduced form, the nitro group having been reduced to an amino group, and (3) as an acetyl compound of (2). The method of Rieder appears to be inadequate for the assessment of (3), since relatively strong acid treatment is required for the removal of the acetyl group and possibly results in some decomposition of the substance to form a benzophenone. Our own investigations show that the major part of the ingested nitrazepam circulates and is excreted as compounds (2) and (3). Another difficulty associated with assessing overdosage is that the effective dose is low, ie, of the order of 5 mg.
An improved technique is described in this paper. As a preliminary, nitrazepam and its derivatives are converted to their respective benzophenones allowing more exact quantitative data to be obtained and also complete hydrolysis of any acetyl compounds present. Formation of benzophenone under the conditions described below is not peculiar to nitrazepam but occurs also with librium, librium lacReceived for publication 7 September 1967. tam, and valium (Randall, 1961) ; Baumler and Rippenstein, 1961; de Silva, Koechlin, and Bader, 1966 procedure is used in this laboratory. To 10 ml of solution are added (a) 1 ml 10 N hydrochloric acid (acid reaction); (b) 1 ml 1ON hydrochloric acid followed by an excess of solid sodium hydrogen carbonate (neutral reaction); and (c) 1 ml 10 N sodium hydroxide (alkaline reaction) followed by 40 ml of the solvent under examination. The mixture is shaken vigorously for two minutes, and 30 ml of the solvent separated for examination. Using this procedure, the benzophenones obtained from librium, unchanged and reduced nitrazepam were examined. The benzophenones of librium and unchanged nitrazepam were extracted by both n-heptane and chloroform under conditions (a), (b), and (c). Both are efficient solvents but n-heptane is more selective. The benzophenone obtained from reduced nitrazepam was extracted by both solvents under conditions (b) and (c) but extraction with chloroform was more efficient.
CATION EXCHANGE RESINS The system of Tompsett (1960) Reduction To 1 mg of nitrazepam contained in 10 ml of water, added 60 mg magnesium oxide. The mixture is shaken for 30 seconds, 0 5 g of sodium dithionite is added, the mixture shaken for 10 minutes and then placed in a water bath at 50°C for one hour. The mixture, after cooling, is acidified by the addition of ION hydrochloric acid and then diluted to 20 ml with water. This mixture may be stored for future use.
Benzophenone formation Quantities equivalent to 50, 100, and 200 ,ug of the original unreduced nitrazepam contained in 2 ml of 5 N hydrochloric acid are placed in 8 x 1 in. glass tubes fitted with glass stoppers and placed in a boiling water bath for one hour. The glass stoppers are not placed in position until the contents of the tubes have attained the temperature of the water bath. After cooling, the contents of the tubes are diluted to 10 ml with water. The complete solvent procedure, as described below for the unknowns, is applied before the application of the Bratton and Marshall technique.
The standards should be prepared at the same time as the unknowns. N hydrochloric acid, 10 ml, is used as a blank.
PROCEDURE Urine, 50 ml, is evaporated to dryness, preferably in an all-glass vacuum still, a water bath being used. The residue is dissolved in 10 ml 5 N hydrochloric acid, and 2 ml of this solution introduced into an 8 x 1 in. glass tube fitted with a glass stopper. The tube is placed in a boiling water bath for one hour, but the stopper is not placed in position until the tube has attained the temperature of the water bath. At the end of this period, both initially unchanged and reduced nitrazepam are converted into their respective benzophenones.
(a) Nitrazepam benzophenone The cooled mixture is diluted to 10 ml with water and 40 ml of n-heptane added. The mixture is shaken vigorously for two minutes. After allowing the mixture to settle, 35 ml of the heptane extract is transferred to a flask (suitable for attachment to an all-glass vacuum still) containing 4 drops of 10 N hydrochloric acid. The solvent is then removed by evaporation using an all-glass vacuum still, and heated in a water bath which is initially at room temperature.
(b) Reduced nitrazepam benzophenone The aqueous, residue from (a) is used. The remaining heptane is removed and rejected. Theaqueous residue is thenextracted twice with 5 ml quantities of heptane, the extracts being rejected. Solid sodium hydrogen carbonate is added until the reaction is neutral, after which 40 ml of chloroform is added. The mixture is shaken vigorously for two minutes. The aqueous layer is removed and rejected. Anhydrous sodium sulphate is added to effect dehydration. The chloroform extract is filtered, 30 ml evaporated to dryness under the conditions described in (a).
To the residues obtained in (a) and (b) is added 10 ml N hydrochloric acid and the determinations are completed using the Bratton and Marshall reaction.
(c) The Bratton and Marshall reaction To blank, standards, and unknowns is added 1 ml of 0-1 % sodium nitrite followed five minutes later by 1 ml of 0-5% ammonium sulphamate. At this stage it is essential to ensure complete mixing since traces of nitrous acid will react with the coupling reagent to produce a purple colour. Five minutes after the addition of sulphamate, 1 ml of the coupling reagent is added, and 15 minutes later absorbances are read at 560 mp.
BLOOD SERUM
Blood serum is treated with acetone according to the Moss (1954) . The acetone extract from five ml serum is evaporated to dryness and the residue treated with 2 ml 5 N hydrochloric acid in a boiling water bath as described above. After adding N hydrochloric acid to the residue from the heptane extract, turbidity from fat, etc, is frequently encountered, but it can usually be removed by filtration through a Whatman no. 42 filter paper.
DETERMINATION OF LIBRIUM IN URINE
The procedure is exactly the same as that described for the determination of unchanged nitrazepam in urine except that the benzophenone derived from librium is used as a standard.
RESULTS
Results obtained from cases suspected of nitrazepam overdosage are shown in the Table, and of urine analysis from cases suspected of librium overdosage are also shown. The writer prefers to use the spectrofluorimetric method of Koechlin and d'Arconte (1963) for the determination of librium in serum (Tompsett, 1967 Certain of the sulphonamide drugs with a reactive amino group are extracted from aqueous neutral solutions by chloroform but not by heptane. Phenylbutazone (butazolidin) is converted into a diazotizable amine, benzidine (Moss, 1954) under the conditions used for the production of the benzophenones of librium and nitrazepam. This amine produces a distinctive colour when the Bratton and Marshall technique is applied and would be recoverable in the reduced nitrazepam fraction. The presence of phenylbutazone may be detected by an independent procedure (Bums, Rose, Chenkin, Goldman, Schulert, and Brodie, 1953) . The drug tanderil, which is also a metabolite of phenylbutazone, forms a diazotizable amine under these circumstances but is not extractable by organic solvent (Tompsett, 1963) .
When 'librium' is detected in urine, the question can arise as to whether the source is ingested librium, valium, or even both. The obvious approach to this problem is the use of gas-liquid chromatography using the electron capture technique, if this is available (de Silva et al., 1966) . Another method which is not quite as satisfactory is the spectrofluorimetric examination of blood serum (Koechlin and d'Arconte, 1963; Tompsett, 1967) . When librium has been swallowed blood serum can be shown to contain unchanged librium and possibly some lactam whereas after valium only librium lactam can be detected.
The examination of biological material to determine whether or not a drug has been ingested has always proved to be a problem. The difficulty is to ensure that all the tests used are adequate and that nothing has been missed. The objective may be to ensure that a drug has not been ingested or that following the identification of one drug that others are not involved. Of the materials available for initial examination, the urine collected after the patient's admission proves to be the most suitable. Ultraviolet spectrophotometry, using a recording instrument and a preliminary separation by organic solvent or by distillation in the presence of sodium bicarbonate (Goldbaum and Domanski, 1965) , has proved extremely useful since a very wide range of basic drugs, eg. the phenothiazines or the amphetamines, etc., can be covered. Unfortunately this technique does not cover all the possible organic substances, eg, nitrazepam, librium, phenacetin, panadol, etc. As a result, the technique described in this paper is now included in screening procedures. Using the residues obtained for the detection of the benzophenone derived from reduced nitrazepam, p-aminophenol, derived from phenacetin and panadol, may be detected if present (Tompsett, 1958 (Tompsett, , 1966 . Chloroform has proved to be a better
